Abstract. In this work we present preliminary results from our numerical study of the shapes of a liquid meniscus in contact with doubly sinusoidal rough surfaces in Wenzel's wetting regime. Using the full capillary model we obtain the advancing and the receding equilibrium meniscus shapes for a broad interval of surface roughness factors. The contact angle hysteresis is obtained when the three-phase contact line is located on one row (block case) or several rows (kink case) of physical defects. We find that depending on the mutual disposition of the contact line and the lattice of periodic defects, different stick-slip behaviors of the contact line depinning mechanism appear, leading to different values of the contact angle hysteresis.
Introduction
For various industrial applications one needs to devise solid surfaces with prescribed wettability properties. The surface wettability can be influenced through the formation of regularly spaced surface defects. These defects can be either physical (i.e., rough surfaces), and/or chemical defects (i.e., heterogeneous surfaces). That is why the study of the wetting properties of structured surfaces is very important. The presence of surface defects is known to lead to a set of metastable equilibrium states of the liquid, wetting the solid surface. Due to the presence of these defects, the liquid-vapor interface may move with the solid surface while the three-phase contact line (CL) is pinned at the surface defects and stays immobile relative to the solid surface. This phenomenon can lead to the increase or decrease of the apparent contact angle (CA). For the wetting properties of such solid surfaces is characteristic the so-called stick-slip behavior of the CL and the existence of maximal and minimal apparent contact angles, called the advancing and the receding CAs adv  and rec  (ACA and RCA). These CAs are attained just before the CL unpins, thus resulting in a displacement of the whole liquid meniscus. The difference of the advancing and the receding CAs is called CA hysteresis (CAH), which is an important characteristic of the surface wettability. In the case of physical defects, i.e., rough surfaces, the ACA and RCA also depend on whether or not air is trapped between the solid surface and the liquid. The first case, when there is a trapped air, is known as Cassie's regime and the second case, when there is no trapped air, as Wenzel's wetting regime. There are two possible types of CLs in respect to the rows of defects, these are: the straight line and the stepped contact line (terms, introduced in Ref. [1] ), and the mechanisms of transition to the new equilibrium meniscus state are termed the block-and the kink-depining of the CL, respectively [2, 3] . Here, we focus our study on the effect of the CL-depinning mechanism on the CAH in the case of smooth physical defects in Wenzel's wetting regime.
Problem formulation

System
We are concerned here with the study of the following system: a vertical solid plate, immersed in a tank of liquid (see Figure 1) . f y z , describing the rough surface, is doubly periodic function of its coordinates with the same period  along the y-and the z-axes. Here we concentrate on two types of such surfaces, for which one has
The values of the ratio / A  , considered here, are of the order 0 -0.2 and the parameter Thus we need to find the local minima of the system's free energy U, defined as
is the capillary length,  is the liquid-gas surface tension, g is the gravitational acceleration.
Numerical method
We obtain the metastable equilibrium meniscus states, using the minimization algorithm for the free energy U (Eq. 2), described in detail in Refs [4] [5] [6] . For finding a numerical solution, the liquid free surface lg  is approximated by a set of triangles with The numerical method is similar to the one, used in the public domain software "Evolver" [7] .
Apparent CA and CAH
For the system, shown schematically in Fig. 1 , the apparent CA ap  can be determined [3] through the observed height   h L of the CL L:
For the system under consideration, rec  and adv  are attained, as follows from Eq. 3, for equilibrium meniscus states with the highest and the lowest capillary rise, respectively. Therefore, in order to obtain the whole set of equilibrium meniscus states and the CAH we proceed in the following way. First, we obtain numerically an equilibrium meniscus shape with an initial equilibrium CL, which for the study of the CL block depinning, is situated on one horizontal row of defects and for the CL kink depinning case -on two neighboring horizontal rows of defects. After that we find a sequence of metastable equilibrium meniscus states, simulating plate immersion and withdrawal in the pool of liquid. To this end we move vertically the solid plate in small steps z  ("+" for the study of the receding and "-" of the advancing case). Together with the plate we move also the liquid meniscus, obtained as the equilibrium meniscus state for the previous position of the plate. We use it as an initial state to find through minimization the new equilibrium meniscus for the new plate position. This process is repeated until the CL remains connected with the
Results and discussion
In Fig. 2 
Conclusion
Different stick-slip regimes of the CL appear, depending on the mutual disposition of the CL and the lattice of periodic defects. This leads to different values of the CAH. One needs to investigate both the CL block-and the CL kink-dewetting regimes for a complete study of the CAH in the system, and to take into account also the possible different positions of the defects lattice in respect to the liquid front. When a CL kink-dewetting mechanism is taking place in the system, there is no CAH at small values of the ratio / A  .
